The aim of the study was to compare hearing results between tympanoplasty with attic wall reconstruction and attic obliteration.
INTRODUCTION
Hearing improvement is a major factor in the assessment of the success of surgery for chronic otitis media. It could be achieved by meticulous reconstruction of the bony tympanic walls and ossicular chain at the same time (1) . Attic cholesteatoma extends from the Prussack space in the lateral attic to the upper and medial. The common surgical approach to the attic is through lateral atticotomy by re-moving part of the superior and lateral bony wall of the external auditory meatus. This way malleus head, incus body and lateral attic space could be exposed (2, 3) . Canal wall down tympanoplasty with subsequent posterior canal wall reconstruction or mastoid obliteration provides wide exposure of the tympanic and mastoid cavity and safe removal of the cholesteatoma extended in the mastoid anthrum and cells. The hearing results of different tympanoplasty techniques is affected by many factors: the extent of cholesteatoma or inflammatory granulations in the attic, destruction on the malleus and incus body and form of tympanoplasty performed (4) . The main advantages of attic reconstruction are good aeration of the tympanic and mastoid cavity, well-preserved mucosa lining in the tympanum, large aerated space in the tympanum that closely resembles natural anatomic conditions in the middle ear. Adversely, approach to the posterior and medial attic space is limited, and most authors report higher residual and recurrent cholesteatoma rate compared to open tympanoplasty technique. Reduced volume of the tympanic cavity and widening the external auditory canal produces deteriorated anatomic condition and mostly unsatisfactory hearing results. The open tympanoplasty technique associated with attic reconstruction or obliteration is aimed to overcome major shortcomings of the posterior wall removal: having the large open postoperative cavity in the mastoid (4,5) and susceptibility to periodic cavity infections. Lower frequency of postoperative ENT checkups and hearing improvement are also a benefit of attic reconstruction and obliteration technique (5, 6) .
Postoperative hearing results are affected in many was by combination of the known preoperative and operative risk factors defined as Middle Ear Risk Index by Kartush and Black (7, 8) . The risk factors: otorrhea, perforation size and location on the tympanic membrane, presence of middle ear granulations, cholesteatoma and the period of secretion were expressed as a numeric ratio. Few studies have evaluated hearing results of tympanoplasty with attic wall reconstruction versus obliteration.
We have evaluated the extent of the pathology related to chronic suppurative otitis media (CSOM) in the tympanic cavity, the condition of the osseous tympanic walls and condition of the ossicular chain in relation to preoperative and postoperative hearing.
The aim of this study was to estimate whether lateral attic wall reconstruction with autologous cartilage enables optimal anatomical and hearing results compared to canal wall down tympanoplasty with attic obliteration.
MATERIAL AND METHODS
In the prospective study we followed up patients who were operated for chronic otitis media in the Otorhinolaryngology department University Clinic Center Banja Luka from 2008 to 2014. We included 88 patients operated for attic cholesteatoma: the mean age was 46.1 years (range: 5-78 years, SD=16.1). We have evaluated intraoperative records of the pathology on the tympanic bony walls, pathology on the ossicular chain and hearing preoperatively and postoperatively. The preoperative inclusion criteria were chronic suppurative otitis media (CSOM) with cholesteatoma originating in the attic. Postoperative follow up was taken 6 months following the operation. Extent of the cholesteatoma was assessed by a temporal bone CT scan.
Surgical procedures
The operation was performed under general anesthesia, by retroauricular approach. If the cholesteatoma matrix and granulation tissue could be safely removed from the lateral, upper attic and ossicles bodies we would perform just lateral atticotomy with subsequent attic reconstruction. If the ossicular chain was disrupted the osiculoplasty with autologous bone was performed. For cholesteatoma extended in the medial attic, retrotympanum or mastoid, we would disarticulate incudo-stapedial joint, remove incus and cut the head of the malleus. The cholesteatoma matrix could be traced then from the attic backwards if necessary into the anthrum by drilling the posterior and superior canal wall.
Cartilage graft were taken from concha and thinned into single 0.5 mm thick plate shaped to the bony defect. If both malleus and incus were missing, and the stapes was present we decided between following options:
1. In cases with intact external auditory canal wall: a) grafting of the tympanic membrane with temporal muscle fascia that was placed on the capitulum of the stapes. b) Thin cartilage plate was placed on stapes capitulum to prevent postoperative tympanic retraction.
2. If the external auditory canal was taken down or was removed we used two procedures: attic wall reconstruction with cartilage or attic obliteration. a) The head of the stapes was put in contact with the cartilage and free fascia graft. This form of type III tympanoplasty with attic reconstruction was mostly used to reconstruct for extensive cholesteatoma.
b) If malleus and incus were missing, we performed attic obliteration with bony chips taken from the mastoid cortex in combination with mastoid obliteration.
Hearing assessment Pure tone audiometry was recorded preoperatively and 6 months postoperatively. For estimation of hearing we recorded Pure Tone Average (PTA) as a mean of hearing threshold on the 1000 Hz, and Air Bone Gap (ABG) as the median on the 1000 Hz audiogram. 
Statistics

RESULTS
As shown in Table 1 , in most cases with limited lateral or upper attic cholesteatoma confinement we performed attic reconstruction with ossicular chain autologous bone reconstruction. Ways of ossicular chain reconstruction are shown in Table 2 . Ossicular chain mobilization and incus transposition was achieved in 33 cases with subsequent attic reconstruction if the long process of the incus and the incudo-stapedial joint were missing. In these cases we opened the lateral and posterior attic and exposed the long process and part of the incus body, removed cholesteatoma sac and primarily reconstructed the lateral and posterior tympanic wall with cartilage.
Ossiculoplasty with autologous incus graft placed on stapes is shown on Figure 1 , followed by reconstruction of the lateral attic wall with cartilage plate that was shaped after the bony defect in the attic on Figure 2 . The cartilage was placed over the malleus head covering part of the long incus process and graft on the stapes capitulum. The cartilage graft and reconstructed ossicular chain is covered with free fascia graft. If the malleus and incus were missing we obliterated attic with autologous bone chips and bone pate up to the level of horizontal facial canal as shown on Figure 3 .
Hearing results were evaluated preoperatively and 6 months postoperatively. Hearing improvement was better in attic reconstruction technique: mean hearing threshold (PTA) gain was 18.3 dB while in attic obliteration patients PTA was 10.7 dB. The airbone gap closure as a parameter of hearing improvement was also greater in attic reconstruction compared to attic obliteration patients. Mean air-bone gap gain in the attic reconstruction group was 20.9 dB, in comparison to 13.5 dB gain in attic obliteration patients. 
. Obliteration of the attic with autologous bone chips and bone pate
A mixed between-within-subjects analysis of variance (ANOVA) was conducted to assess the impact of the two different techniques of tympanoplasty: attic wall reconstruction and attic wall obliteration on patients' hearing following the operation. There was significant interaction between the dependent variables: preoperative-postoperative PTA, Wilk's Lambda=0.91, F(1,86)=9.1, p<0.001, partial eta squared=0.095. We also observed significant interaction between the preoperative-postoperative ABG and attic reconstruction vs. obliteration. Wilk's Lambda = 0.89, F(1,86)=10.7, p<0.001, partial eta squared = 0.011. Statistic implies that larger the preoperative destruction on the attic bony wall was, the larger the preoperative hearing loss in term of pure-tone average and air-bone gap was in a reviewed population.
The statistic implies that both tympanoplasty techniques: attic reconstruction and attic obliteration achieved postoperative hearing improvement. The amount of hearing improvement measured by both, the ABG closure and mean PTA improvement was larger in the attic reconstruction compared to attic obliteration technique.
DISCUSSION
Pathology related to CSOM and cholesteatoma in the attic implies that through surgical approach it should be sufficient to expose the ossicles, associated pathology and enable the surgeon to remove it completely. Lateral atticotomy provides safe approach to the lateral and upper attic space and bodies of the malleus and incus. In cases when the ossicular chain is still intact, the cholesteatoma sac can be removed from the lateral attic and the attic wall is reconstructed with one piece of 0.5 mm thick autologous cartilage (1, 3, 7) . As anatomic conditions are restored almost completely, hearing results in terms of improving PTA and air-bone gap closure are the best. Bony erosion on the lateral attic wall and posterior external meatus wall point to severe cholesteatoma destruction in the attic on the ossicular chain and is highly suspected of extending into the mastoid anthrum on one side or the posterior tympanum along the long incus process. In our data cholesteatoma limited to the lateral attic space occurred rarely, in 14 cases (14.9%). Destructions on the upper and posterior part of the external auditory canal along with re-traction in the posterior tympanic space were common found in n 54 patients (61.4%). In patients where cholesteatoma was limited to the lateral or upper attic, we performed attic reconstruction with ossicular chain autologous bone reconstruction. In these cases we opened the lateral and posterior attic and exposed the long process and part of the incus body, removed cholesteatoma sac and primarily reconstructed the lateral and posterior tympanic wall with cartilage. Ossicular chain mobilization and incus transposition was the best option with subsequent attic reconstruction if the long process of the incus and the incudo-stapedial joint were missing.
If the cholesteatoma extended to the medial attic, epitympanic recess, tympanic tubal orifice we usually disarticulated incudo-stapedial joint and removed incus entirely. Then the neck and head of the malleus was cut out and removed exposing the entire attic space. Usually that allowed for safe cholesteatoma removal from the attic space. We achieved the best hearing results if ossicular chain was reconstructed in two ways: If the stapes suprastructures were present, thin cartilage plate was placed over the capitulum and covered with temporalis fascia for closing the tympanic membrane perforation and reinforcing it from further retraction the same time. In cases where incus or stapes suprastructures were completely missing, osiculoplasty was performed by collumela which was made of cortical bone and shaped to the height of the outer part of hypotympanum. The collumela was placed directly on the stapes footplate. This is similar to the conclusion of the studies that observed the results of atticotomy to hearing and recurrence rate by Kim et al. (1) and Gerhrking (2) .
Wide lateral atticotomy could be appropriate technique for approaching cholesteatoma extending under the head of the malleus into the mezotympanum or under and behind the long process of the incus into the oval and round window niche (1, 10) . Incudo-stapedial joint disarticulation and removal of the incus provides proper operative space for removal of the pathology with proper anatomic landmarks in the tympanic cavity. If the cholesteatoma is limited to the tympanic cavity this procedure prevents for opening the mastoid air cells. Many authors favor canal wall up tympanoplasty (CWUp) with attic reconstruction over canal wall down tympanoplasty (CWD) (2, 5) . Although the intraoperative visualization of the posterior tympanic space and mastoid in CWUp tympanoplasty is limited and cholesteatoma recurrence rate is higher, it provides close to anatomic shape of the postoperative tympanic cavity, proper basis for ossicular reconstruction and consequently better hearing then CWD tympanoplasty (9, 10) . Due to large postoperative cavity in the attic, tympanic membrane retraction could occur. It is best prevented by reinforcing the lateral wall with cartilage strut. If we had preoperative evidence of severe tubal dysfunction we also reinforced the tympanic fascia graft with a thin piece of cartilage. Some authors (1, 4) report tympanic retraction in the attic as a main cause of tympanoplasty failure that occurs year following surgery. In our experience bone chips were prone to gradual resorption and further retraction of the tympanic membrane. Cartilage on the other hand is resistant to resorption and infection. We found it also a better hearing conductor on the tympanic membrane part as well.
Our results show that hearing improvement was greater in attic reconstruction technique: mean PTA gain preoperatively to postoperatively was 18.3 dB while in attic obliteration patients mean PTA gain was 10.7 dB, and the hearing improved significantly p<0.001. The air-bone gap closure was also greater in attic reconstruction group compared to the attic obliteration patients. Mean air-bone gap gain in attic reconstruction group was 20.9 dB, in comparison to 13.5 dB gain in attic obliteration patients. We also observed significant interaction between the preoperative-postoperative air-bone gap and attic reconstruction vs. obliteration. F(1,86)=10.7, p<0.001. Analysis of variance showed significant improvement of air-bone gap parameter postoperatively in comparison to preoperative levels: F(1,86)=286.3, p<0.001. Statistic reveal that the larger the preoperative destruction on the attic bony wall was, the larger the preoperative hearing loss in term of pure-tone average and air-bone gap was in a reviewed population. Both tympanoplasty techniques: attic reconstruction and attic obliteration achieved postoperative hearing improvement. The amount of hearing improvement was measured in both, the ABG closure and mean PTA improvement was larger in the attic reconstruction compared to attic obliteration technique. Stankovic (10) reported long term hear-ing improvement following CWUp tympanoplasty for cholesteatoma in comparison to CDW and obliteration technique.
CONCLUSION
Lateral attic wall reconstruction with a cartilage plate provides better postoperative hearing. Several ossicular reconstruction methods are possible depending on the pathology found. For successful attic reconstruction some preconditions should be met: intact at least head of the malleus, sufficient tubal function, intact mucosal lining at least at the medial attic wall. We do not advocate attic reconstruction in revision cases for cholesteatoma recurrence.
